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PATENT 

METHOD AND APPARATUS FOR HYDROGEN SULFIDE MONITORING 


This application claims priority from Provisional Application No. 60/254,509, filed 
December 8, 2000, the contents of which is hereby incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates .generally to the identification of corrosive materials in a wellbore 
penetrating a subsurface formation and, more particularly, to the identification of hydrogen 
sulfide (H2S) in such a wellbore and contained within formation fluids. 

Description of Related Art 

Hydrocarbon fluids such as oil and natural gas are obtained from a subterranean geologic 
formation, referred to as a reservoir, by drilling a well that penetrates the hydrocarbon-bearing 
formation. Once a wellbore has been drilled, the well must be completed before hydrocarbons 
can be produced from the well. A well completion involves the design, selection, and installation 
of equipment and materials in or around the wellbore for conveying, pumping, and/or controlling 
the production or injection of fluids. After the well has been completed, production of oil and 
gas can begin. 

In the construction of hydrocarbon production, processing and transportation facilities, it 
is often desirable to know whether corrosive materials are contained within the formation fluids 
in order to select the appropriate materials for the design of wellbore completions, pipelines and 
related facilities. In particular, it may be necessary to know the concentration of any hydrogen 
sulfide contained within the formation fluids if the proper materials are to be used. 
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The desirability of taking downhole formation fluid samples for chemical and physical 
analysis has long been recognized by oil companies, and such sampling has been performed by 
the assignee of the present invention, Schlumberger, for many years. Samples of formation fluid, 
also known as reservoir fluid, are typically collected as early as possible in the life of a reservoir 
for analysis at the surface and, more particularly, in specialized laboratories. The information 
that such analysis provides is vital in the. planning and development of hydrocarbon reservoirs, as 
well as in the assessment of a reservoir's capacity and performance. 

The process of wellbore sampling involves the lowering of a sampling tool, such as the 
MDT™ formation testing tool, owned and provided by Schlumberger, into the wellbore to 
collect a sample or multiple samples of formation fluid by engagement between a probe member 
of the sampling tool and ttie wall of the wellbore. The sampling tool creates a pressure 
differential across such engagement to induce formation fluid flow into one or more sample 
chambers within the sampling tool. This and similar processes are described in U.S. Patents Nos. 
4,860,581; 4,936,139 (both assigned to Schlumberger); 5,303,775; 5,377,755 (both assigned to 
Western Atlas); and 5,934,374 (assigned to Halliburton). 

The metals comprising the MDT tool and other known formation testing tools are known 
to react with any hydrogen sulfide (H2S) in the fluid coming from the formation. Because of this 
reaction, when a fluid sample from the MDT tool (which will be described for illustrative 
purposes hereinafter) is subsequently analyzed, the measured concentration of H 2 S in the sample 
is lower than the concentration of H 2 S in the reservoir fluid. If the concentration of H 2 S in the 
reservoir fluid is sufficiently low, the concentration in the fluid sample can have no measurable 
H 2 S. 

Customers (i.e., oil companies) often want to know the concentration of H 2 S in order to 
select the appropriate materials for the design of completions, pipelines and facilities. H 2 S - 
resistant materials can be 5-50 times more expensive than non-resistant materials, so money is 
wasted if they are used but not needed. The consequences may be worse if they are not used but 
were needed. Normally, in the latter cases, production is stopped, an expensive well intervention 
is required, and then the expensive materials must be used. 
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It difficult, if not impossible and/or impracticable, to correct the concentration of H2S in 
the sample for that which was lost due to reaction with the metal in the MDT tool. The 
mechanisms are too complex and depend on concentration, materials, pressure, temperature, 
history, etc. Furthermore, if there is no H2S in the sample, it is usually not possible to tell if there 
5 was H2S in the reservoir fluid or not. 

An alternative would be to make the MDT tool non-reactive, or inert, to H2S. A bottom- 
hole sampler can be thought of as a sample bottle that sits in the production stream. The seal 
valve opens, the bottle fills and the bottle re-seals. If the inner walls of the bottle are coated or 
passivated in some manner, then the H 2 S concentration of the fluid that enters the bottle will 
remain in the fluid. In this way, a lab analysis can determine the concentration of H2S in the 
reservoir fluid. 

The MDT tool differs in that fluid is pumped along the flowline, through the 
displacement unit, and then out to the wellbore for an extended period of time, prior to the 
sample being captured in a bottle. If at the time when the sample is to be captured, the 
concentration of H2S at the location of the sample chamber is equal, or close to, the concentration 
of H 2 S entering the distant probe, then it may be sensible to coat or passivate an MDT tool bottle 
to preserve the concentration. If, however, the concentration of H 2 S at the location of the sample 
chamber is lower than the level in the formation, then there is no point attempting to preserve the 
H2S in the sample. (It may not be realistic to consider coating or passivating the entire flow path 
from the probe to the sample bottle.) In this case, a downhole H2S sensor positioned close to the 
sandface, may be required. 

Tests have been performed to determine if a coated sample bottle will meet the customer 
need, or whether a downhole sensor will be required. To make this decision, tests of the H2S loss 
within the flowline and displacement unit my be experimentally measured. The results show that 
25 the loss of H2S within the flowline and in the displacement unit is significant. Hence, a 
downhole sensor located near the probe is deemed desirable. 
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Sulfide Stress Cracking 

Sulfide stress cracking (stress corrosion cracking, hydrogen embrittlement) refers to the 
combination of hydrogen sulfide and water reacting with metal to form micro-cracks. These 
cracks weaken the material. If the material is also under tensile stress, the strength of the 
material may reduce to the point of failure. This form of corrosion is unlike 'weight loss' CO2 
induced mechanisms of corrosion, in which the metal dissolves, lowering its strength until failure 
occurs. 

If the material is not under tensile load, or if there is no water present, then the presence 
of hydrogen sulfide will usually not cause material failure. 

NACE MR0175 states that an H 2 S partial pressure of .05 psi or more requires the use of 
H2S -resistant materials. A graphical depiction of the NACE specification is shown in Figure 1. 

The relationship between partial pressure and concentration is set forth below: 

Partial Pressure = Concentration x Absolute Pressure 

For example, a concentration of 10 ppm is 10/1,000,000 or lxlO" 5 . For an absolute pressure of 
10,000 psi, the partial pressure is 10,000 x 10' 5 = .1 psi. Therefore, 10 ppm at 10 kpsi is twice 
the NACE MR0175 limit of .05 psi. This example corresponds to the point A on the plot 
SHOWN in Figure 1. 

As mentioned above, sulfide stress cracking of will not occur without water (and tensile 
stress) also being present. Since the development of MR0175, it has been discovered that the 
severity of the problem depends on the pH of the water, in addition to the partial pressure of H2S. 
This is illustrated in Figure 2. Region 0 (below .05 psi partial pressure) is referred to as 'sweet', 
and no special resistant materials are required. Regions 1, 2 and 3 of Figure 2 are referred to as 
'mild sour', 'intermediate sour' and 'severe sour', and materials with increasing levels of 
resistant materials are required. 
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H2S -Resistant Materials 


Hi 


10'<M 


/ The word 'E^S resistant' means that the/material is does not form micro-cracks that 
weaken the material. However, the material ma£ still 'react' with H2S. Thus, a non-reactive, or 
inert, material is also H2S -resistant, but the reverse may not be true. 


Leading Causes of Mechanical Failure 

The leading causes of mechanical failure of materials in the oil and gas industry are 
estimated as follows: 


28% 

C02 corrosion 

18% 

H2S sulfide stress cracking 

18% 

welding 

15% 

pitting 

12% 

erosion 

6% 

galvanic 

3% 

stress. 


i5m 

P 

m Sulfide stress cracking is estimated to be the second leading cause of mechanical failure. 

The consequences of a mechanical failure to the customer are generally severe. A failure 
within a production facility at surface may require that the production be stopped. A failure in a 
well completion or a sub-sea pipeline requires a much more difficult and expensive intervention, 
20 in addition to shutting in the production. 


Cost of H2S -Resistant Materials 

Referring now to Figure 3, the table shows the cost in dollars per pound of various alloys. 
The more expensive alloys are H2S resistant and range from 10 to 60 times more than the least 
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expensive, which are not H2S resistant. Hence, customers often wish to know whether or not the 
expensive alloys are needed. The consequence of using of these expensive materials in a case 
where they are not needed is a significant wasted capital expenditure. The consequence of not 
using them in a case where they are needed may be much worse. 



Experiment Design and Results 

The merits of an experimental approach have been documented. For example, tests have 
been done at 1000 psi and 300 deg F. Nitrogen gas, water vapor and 50 ppm H2S were used as 
the test fluid. This corresponds to a partial pressure of .05 psi, which is the threshold between 
'sweet' and 'sour'. 

Th crc - wcrc 4 scries of tc3ts > conducted: 

1 . Flowline Monel 

yg 2 . Flowline titaniun/ test 

a 

[j 3. Elastomer test 

15*^ 4. Displacement unit test 

Q / 

The flowline tests were conducted by flowing the fluid through 20 feet of tubing at a 

flowrate of 1 liter/minute. The concentration of H2S at the output was measured periodically by 

sampling the output. The sampling was frequent at early times, and less frequent at late times. 

The test duration was 4 hours. Two different tubings were tested, and a repeat test was done on 

20 one of the two tubings. 



Figures 4 and 5 are representative of the behavior of the Monel and Titanium sections of 
/ the flowline, respectively. Hergr we see that, after pumping 50 ppm H2S through the Monel tube 
for 4 hours, only 12 ppm is (Zoming out, while the Titanium is nearly non-reactive. 
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Elastomer buttons and slabs were tested for their tendency to 'soak up' H2S with time. 
The buttons had 80% less area and 50% less volume than the slabs. The results depicted in 
Figures 6 and 7 show little absorption over 10 minutes, but considerable absorption over 1000 
minutes (16 hours). The difference in absorption between the slabs and the buttons was 30%, 
which is closer to the difference in volume than the difference in area. Therefore, the absorption 
is more of a volume effect (i.e. a sponge-like behavior). 

- The displacement unit differs from the flowline in that the fluid is resident on the same 
material for roughly 30 seconds. Th^ displacement unit is made from both Monel and 
Aluminum-Bronze, and it clear from Figure 8 that the displacement unit extracts 16 ppm of the 
H 2 S within 30 seconds and all 50 ppiy of the H2S from the fluid within an hour. 

Customers may need to know the concentration of hydrogen sulfide in the reservoir fluid. 
Fluid samples from the MDT tool contain a concentration of H 2 S that is less than that of the 
reservoir fluid. One solution would be to develop an 'inert' or 'non-reactive' sample bottle that 
can preserve the concentration of H2S in the fluid. However this only makes sense if the reaction 
along the flowline, and within the displacement unit, have not already reduced the concentration 
of H2S. If the concentration of H2S at the location of the sample bottle is not equal (or close to) 
the concentration entering the probe, then an H 2 S sensor positioned near the sandface may be 
required. 

4s ^ jf A series of flowline, elastomer and displacement unit tests were conducted. The results 
indicate that both the displacement unit and me Monel sections of the flowline react significantly 
with any H 2 S in the fluid. Therefore, eveia after a significant pump-out period, the concentration 
of H 2 S at the location of the sample pottle may not be representative of the level which is 
entering the probe. An H2S sensoiypositioned near the sandface may be required. Thus, the 
development of a non-reactive bottl/may be desirable. 

If H 2 S is present in an MDT tool fluid sample in a PVT lab analysis (or at the well site), 
there may be a higher concentration of H 2 S in the reservoir fluid, and may be an issue for both 
personal safety and materials selection. If H 2 S is not present in an MDT tool fluid sample, then it 


Page 8 


PATENT 

will often be unclear if there is enough H 2 S present in the reservoir fluid to pose a risk to 
personal safety, or to require special materials selection. 

Various techniques have been developed to detect Hydrogen Sulfide in wellbore 
applications. Such techniques include at least the following: gas chromatography, 
5 potentiometrics, cathode stripping, spectrophotometry, spectroscopy, reflectivity, fluorescent 
reagents, biosensors, chemical sensors, etc. as described in PCT International Application No. 
PCT/GB/OOli to Jiang et al. published on August 30 r 2001, the entire contents of which is 
hereby incorporated by reference. Some techniques, such as PCT International Application No. 
PCT/GB/0011 and U.S. Patent No. 6,223,922 Bl issued on May 1, 2001 to Jones, the entire 
10^ contents of which are hereby incorporated by reference, relate to downhole operations. The 

. P% 

yg current means of taking fluid samples for hydrogen sulfide analysis can alter the hydrogen sulfide 
H content in the sample and can provide the operator with erroneous results that cannot be relied 

m 

^ on. 

^ There remains a need for downhole sensors that can measure H 2 S concentration in fluid 

15 StJ under temperature and pressure. The present invention addresses these shortcomings. 

5) 

o 

\* SUMMARY OF THE INVENTION 

One embodiment of the present invention is a method of identifying the presence of 
hydrogen sulfide in fluid produced from a reservoir. The method comprises providing a tool 
comprising at least one sample of material that is optically reactive to the presence of hydrogen 
20 sulfide and exposing the at least one sample of material to a sample of reservoir fluid upon the 
fluid production from the reservoir. 

An alternate embodiment of the present invention is a method for identifying the presence 
of hydrogen sulfide in a subsurface formation penetrated by a wellbore. The method comprises 
lowering a downhole tool into the wellbore, the tool comprising a housing, at least one sample of 
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material that is optically reactive to the presence of hydrogen sulfide and at least one passage for 
conducting formation fluid to the sample of material. Formation fluid is delivered to the sample 
of material via the passage. The downhole tool is retrieved from the wellbore and the sample of 
material is inspected to determine if the wellbore fluid contained hydrogen sulfide. 

5 An alternate embodiment is a method for identifying the presence of hydrogen sulfide in a 

subsurface formation penetrated by a wellbore, comprising the steps of: lowering a downhole 
tool into the wellbore, the tool including a housing having at least one sample of material that is 
reactive to the presence of hydrogen sulfide and a passage for conducting formation fluid to the 
sample of material; delivering formation fluid to the sample of material via the passage; 
10 retrieving the downhole tool from the wellbore; and inspecting the sample of material to 
determine if the wellbore fluid contained hydrogen sulfide. 

O 

tp Yet another embodiment of the invention is a method of reservoir analysis comprising 

yg 

yg providing a downhole tool comprising at least one sample of material that is optically reactive to 
J the presence of hydrogen sulfide. The downhole tool is lowered into a wellbore that penetrates a 
15 L JD reservoir and formation fluid is flowed through the downhole tool. The at least one sample of 
B material is exposed to formation fluid upon the formation fluid entry into the wellbore. 


Temperature readings of the formation fluid are taken and formation fluid samples are collected 
U within the downhole tool. The downhole tool is retrieved from the wellbore and the optical 

m. 

q change of the at least one sample of material is inspected for exposure to hydrogen sulfide 

Last 

20 E contained in the formation fluid. The hydrogen sulfide content of the formation fluid within the 
reservoir is estimated utilizing the inspection of the optical change of the at least one sample of 
material and the temperature readings of the formation fluid. 

An alternate embodiment of the present invention is an apparatus comprising a housing 
and at least one sample of material that is optically reactive to the presence of hydrogen sulfide is 
25 positioned in the housing, wherein the at least one sample of material is adapted to be exposed to 
reservoir fluid upon the reservoir fluid entry into the apparatus. 

Still another embodiment is a downhole tool comprising a plurality of coupons that are 
optically reactive to the presence of hydrogen sulfide, a housing capable of retaining the coupons 
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and having a passage for communicating formation fluids between a wellbore and the coupons, a 
temperature sensor, and a pump capable of flowing formation fluids through the passage and 
through the downhole tool. When the formation fluids are pumped through the downhole tool 
the coupons are exposed to the formation fluid upon the formation fluid entry into the downhole 
tool and the surface of the plurality of coupons are capable of changing color upon contact with 
hydrogen sulfide and can be interpreted to determine the hydrogen sulfide content in the 
formation fluids. 

Yet another embodiment of the invention is an apparatus for identifying the presence of 
hydrogen sulfide in a wellbore penetrating a subsurface formation, comprising: a downhole tool 
including a housing having at least one sample of material that is reactive to the presence of 
hydrogen sulfide and a passage for conducting formation fluid to the sample of material when the 
downhole tool is lowered into the wellbore and a hydraulic assembly for delivering formation 
fluid to the sample of material via the passage. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The manner in which the present invention attains the above recited features, advantages, 

and objects can be understood in detail by reference to the preferred embodiments thereof which 

are illustrated in the accompanying drawings. 

It should be noted, however, that the appended drawings illustrate only typical 

embodiments of this invention and are therefore not to be considered limiting of its scope, for the 

invention may admit to other equally effective embodiments. 
In the drawings: 

FIGS. 1 is a graphic illustrations of the relationship between partial pressure and 
concentration for hydrogen sulfide; 

FIG. 2 is a graphic illustration of the relationship between pH and partial pressure 
depicting the related sour regions for hydrogen sulfide; 

FIG. 3 is table of various alloys and related price per pound; 

J^/y W FIG. 4 is a graphic illustration of the relationship between hydrogen sulfide concentration 

/ / 
and time for a Monel Tube with 50 ppm test ^as; 

FIGS. 5 is a graphic illustration of the relationship between hydrogen sulfide 
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concentration and time for a Titanium Tube with 50 ppm test gas; 

FIGS. 6 is a graphic illustration of the relationship between hydrogen sulfide 
concentration and time for Elastomer Slabs with 50 ppm test gas; 

FIG. 7 is a graphic illustration of the relationship between hydrogen sulfide concentration 
and time for Elastomer Buttons with 50 ppm test gas; 

FIG. 8 is a graphic illustration of the relationship between hydrogen sulfide concentration 
and time for Displacement Unit (Side 1) with 50 ppm test gas; 

FIGS. 9 is a schematic illustration of a downhole tool comprising a testing cell in 
accordance with the present invention; 

FIGS. 10 is perspective view of an embodiment of the testing cell of Fig. 9; 

FIGS. 1 1 is a detailed view of the testing cell of Fig. 10; 

FIGS. 12 is a schematic illustration of an alternate embodiment of a testing cell in 
accordance with the present invention; 

FIG. 13 is a perspective view of a coupon used with the testing cell of Fig. 12; 

FIG. 14 shows a perspective view of an alternate embodiment of a testing cell having a 
reaction sensor; 

FIG. 15 shows a plan view of the testing cell of Fig. 14; 

FIG. 16 is a chart illustrating the list of materials tested in a study of hydrogen sulfide 
detection; 

FIG. 17 is a chart illustrating results of the test of a group of materials from Fig. 20; 
FIG. 18 is a chart illustrating results of the test of a group of materials from Fig. 20; 
FIGS. 19 through 22 are pictorial views of coupons illustrating the optical reaction of 
certain metals at various ppm of hydrogen sulfide; and 

FIGS. 23 is a plan view of hydrogen sulfide detection tape. 
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DETAILED DESCRIPTION OF THE INVENTION 

Illustrative embodiments of the invention are described below. In the interest of clarity, 
not all features of an actual implementation are described in this specification. It will of course 
be appreciated that in the development of any such actual embodiment, numerous 
implementation- specific decisions must be made to achieve the developers' specific goals, such 
as compliance with system-related and business-related constraints, which will vary from one 
implementation to another. Moreover, it will be appreciated that such a development effort 
might be complex and time-consuming, but would nevertheless be a routine undertaking for 
those of ordinary skill in the art having the benefit of this disclosure. 

Figure 9 illustrates a representative drilling/production platform 10 having a tubular string 
12 extending into a wellbore 14 and incorporating an embodiment of the present invention. The 
wellbore 14 has penetrated subterranean formations 16, and intersects a productive reservoir 18. 
A casing string 20 lines the well and provides support and isolation of the wellbore 14 from the 
reservoir 18, other formations 16 and bodies of water 22. A perforation 24 is created that 
extends through the casing string 20 and into the productive reservoir 18. 

A downhole tool 26 can be inserted into the wellbore 14 by the tubular string or by other 
means, such as a wireline, drill pipe or slickline. The downhole tool 26 comprises a formation 
testing tool capable of collecting one or more samples of formation fluid, such as, for example, 
the MDT formation testing tool. In addition to obtaining a sample of the formation fluid coming 
from the perforation 24, the downhole tool 26 may also collect data such as temperature and 
pressure readings. 

A hydrogen sulfide testing cell 30 is coupled at an end of the downhole tool 26. A 
resistivity cell is typically provided in the downhole tool 26. One embodiment of the invention 
involves removing (and replacing) the resistivity cell with the testing cell 30, since it has little 
use in wells drilled with oil based mud, or if an optical fluid analyzer is run. Embodiments of the 
present invention can be inserted into the well on a tubular string, wireline, slickline, as part of 
the drilling or completion string, or by other methods known to a person of ordinary skill in the 
art. 
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Referring now to Figure 10, a detailed view of the testing cell 30 of Figure 9 representing 
an embodiment of a hydrogen sulfide testing tool is depicted. The cell 30 consists of a housing 
32 formed from a modified resistivity cell adapted for use with a downhole tool, such as the 
MDT tool of Figure 9. The housing 32 has a fluid flow path 34 passing through it. In the present 

5 embodiment, multiple slots 36 intersect the flow path 34. Multiple pairs of metal coupons 38 are 
inserted into the slots 36. Formation fluid contacts at least a portion of the coupons 38 as it 
passes through the fluid flowpath 34, as well as on the top-surface 40 of the housing. Hydrogen 
sulfide detection tape 42 may also be inserted in the housing 32 to react with any hydrogen 
sulfide in much the same manner as the coupons 38. Varying numbers of coupons and/or tape 

10 can vary from one to however many can be located within the cell or group of cells. The 
coupons can be of various shapes and sizes and can be made of any material that is reactive to the 
presence of hydrogen sulfide. 



Figure 11 shows the testing cell 30 of Figure 10 in greater detail. This illustration zooms 
in on' the hydrogen sulfide tape 42 and coupons 38 as they are positioned in the housing 32. The 
15N 5 metal coupons 38 of this embodiment comprise Monel and two types of Cupro-nickel. Coupon 

y3 / 

dimensions of this particular embodiment are approximately 0.062" thick x 0.5" x 0.8" with a 

0.234" diameter hole. Dimensions pi the tape are similar; approximately 0.004" thick x 0.5" x 

1.0" with a 0.250" hole. Other dimensions, shapes and configurations may be envisioned. The 
ru / 

fg\ tape 42 and coupons 38 can beyinserted/removed from the slots 36 in the housing 32 through the 


3 

Is 
5 


20 pf use of needle nose pliers or b/ other means. 


When the cell 30 comes out of the hole, a cap is manually removed and the coupons can 
be visually inspected. If the coupons look the way they did going into the hole, it may be 
concluded that there was no H2S is present in any of the fluids that passed through the tool. If 
any one of the coupons is altered, for example by appearance or color, it is an indication that H2S 
25 is present. As will be depicted more fully below, the changes in the appearance of the coupons 
may indicate the presence and/or concentration of hydrogen sulfide. Knowing the exposure time 
to fluid, temperature and pressure, the estimates of the concentration of H 2 S can be made. By 
using coupons with predictable reactions, the presence and/or concentrations of hydrogen sulfide 
may be detected. Such metals and their reactions are described more fully below. Visual 
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inspection of the coupons is only one method of detection of a reaction to hydrogen sulfide. 
Alternative means may be provided for detecting a reaction as will be described more fully 
below. 

Figure 12 illustrates a further embodiment in which an apparatus 70 is used in 
5 combination with a downhole sampling and/or testing tool. The apparatus 70 comprises a body 
72 having a fluid flowpath 74 therethrough, and a plurality of slots 76 in which a coupon 78 is 
inserted. The fluid flowpath 74 enables formation fluid to pass through the apparatus 70 and 
come in contact with the coupons 78. The apparatus 70 may be positioned in fluid 
communication with the formation fluid flowing from a sampling/testing probe. The apparatus 
10 70 may be inserted into the probe, a flow line, a sampling chamber, or other parts of the 
downhole tool. A temperature sensor 80 may be included for temperature measurements and 
signal transmission. 

As shown in greater detail in FiguiVl3, coupon 78 may comprise a U-shaped slab that 
inserted into the slots 76 exposes/one portion 82 of the coupon 78 to the formation fluid 
u3 while another portion 84 is isolated from the formation fluid. A top surface 86 of the coupon 78 

y3 / 

can be coated with a non-reactiveysub stance such as Teflon or certain plastics. This surface 86 
can provide another area o: 

H 

FU serve as an unreacted surface for interpretation purposes. The apparatus 70 can comprise 

m / 

material that is non-reactive to hydrogen sulfide. 



Figures 14 and 15 show an alternate embodiment in which a cell 90 comprises a channel 
92 for fluid flow. Within the channel 92 are coupons 94 and a temperature sensor 96. The cell 
90 can comprise material that is non-reactive to hydrogen sulfide. In this and other embodiments 
of the present invention, a sensor 98, can be incorporated within the cell, the sensor having the 
capability of detecting a reaction to the surface of the sample of material, such as an optical 
reaction to hydrogen sulfide. The sensor 98 can enable the detection and/or quantification of 
hydrogen sulfide, without the requirement of removing the tool from the wellbore. The sensor 98 
may also comprise a means of transmitting a signal to the surface, for example, an electrical 
signal sent through a wireline, an optical signal sent through a fiber optic cable, or a pressure 
pulse signal sent through the wellbore fluid. Detection of reactions may be performed uphole, 
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downhole and/or during operation using visual, sensors or otherwise. 


Coupons" as used herein refers to a detectorfbr identifying and/or measuring hydrogen 
sulfide. For example, a coupon may be a sample pi metal that does not react, unless exposed to 
H 2 S. Potential metals may include: Monelalkfy 400 (UNS N04400), 70-30 cupronickel (UNS 
5 C71500), 90-10 cupronickel (UNS C70600J is well as others reactive to hydrogen sulfide. It is 
desirable that the coupon materials tha£/are used cover a range of hydrogen sulfide reactivity, so 
that a quantitative determination oMie hydrogen sulfide content can be made. For example, if 
one coupon reacts at very lovytevels of hydrogen sulfide (< 5 ppm), a second coupon reacts 
between approximately 15 /- 25 ppm hydrogen sulfide, and a third coupon reacts between 
10 approximately 25 - 100/f$pm. With this type of apparatus the presence of hydrogen sulfide can 
be observed and a quantitative analysis of the hydrogen sulfide content can be obtained based on 
□ an optical chang^of the surface of the coupon. The term "optically reactive" within the present 
lQ application means a material having an external surface that changes color in the presence of 
*jj hydrogen^ulfide. 

15 fcJQ Certain coupons are commercially available from resources, such as Metal 

„/ Samples/Cortest Instrument Systems, a Division of Alabama Specialty Products, Inc. located at 

; „ 152 Metal Samples Rd., Munford, Alabama 36268. It is desirable to select coupons adapted to 

g» 

PJ detect hydrogen sulfide in wellbore operations. 

0 

H^A^f^Studies were performed to select metals capable of eliciting a detectable response under 
20 wellbore conditions. As shown in Figurp 16, several materials were selected for detection of 
hydrogen sulfide. These materials include: three copper nickel alloys - Monel alloy 400, 70-20 
cupronickel, and 90-10 cupronickel; tWree iron-chromium alloys - 5Cr, 9Cr and 12Cr steels; 316 
stainless steel; Nickel alloy 200, Inc/loy alloy 600 and alloy B (a nickel/molybdenum alloy). 

Tests were conducted in simulated service environments containing low to moderate 
25 concentrations of hydrogen sulfide (nominally 5 to 100 ppm H 2 S in nitrogen). At a test pressure 
of approximately 1000 psi, these environments were intended to simulate a well bore 
environment with a hydrogen sulfide partial pressure of 0.005 to 0.10 psia. Tests were conducted 
in the temperature range of approximately 250-400°F, which was presumed to be a reasonable 
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range of service temperature for downhole tools, in this case. The test pressure for all tests was 
approximately 1000 psi. The exposures were achieved by charging an autoclave with a certain 
level of hydrogen sulfide attained through purging with a pre-mixed hydrogen sulfide/nitrogen 
test gas. The materials, specimens, test procedures and test results are discussed in detail in the 
5 following sections. 

The exposure tests were conducted in a 0.5 liter alloy C-276 test vessel with external 
heaters with the mixed hydrogen sulfide/nitrogen test gas at test temperatures ranging from 
approximately 250-400°F. The test pressure for these tests was approximately 1000 psi. The 
duration of these tests was between 2-6 hours. With the exception of the first two tests in Phase 
10 I, all tests in both the Phase I and Phase II programs included distilled water as the liquid phase. 
The first two tests used oil mud as the liquid phase. 

O 

^3 The test procedure involved heating of the test vessel to the test temperature and purging 

yj 

ya the contents of the test vessel with a hydrogen sulfide/nitrogen mixed gas until the outlet 
J concentration of hydrogen sulfide reached the desired level. At this point, the valves to the test 

15 *M vessel were closed and gas samples were taken periodically from the vessel. 

y3 



^t^The tests were performed in two phases. Tfte initial part of Phase I involved exposure of 
three coupons - Monel alloy 400, 70-30 cuproruckel and 90-10 cupronickel. However, the final 
three tests also contained Nickel alloy 200 and alloy B. Phase II involved the exposure to the 
y* three iron-chromium alloys, 316 stainless^ steel, Incoloy alloy 600 and alloy B. Specimen 
20 evaluation was performed by visual examination. The presence and coloration of the corrosion 
product on the various corrosion coupons was determined. 



The results of the coupon tests conducted in thp^Phase I and Phase II programs are 
summarized in Figures 17 and 18 respectively. The fh^t two tests conducted with oil-based mud 
as the liquid phase were used to examine the inflp^nce of oil-based mud on the corrosion of the 
25 alloys without the presence of hydrogen sumde. As indicated in Figure 17, only a slight 
tarnishing of the surface was observed to occur in the cupronickel alloy coupon over the range of 
temperatures from 250-400°F for durations of 2-6 hours. This type of attack was characterized as 
a light darkening of the specnzfen surfaces. For the Monel and 70/30 cupronickel, this 
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observation was manifested by a thin, light-gray surface layer. For the 90-10 cupronickel, this 
was a darkening of the natural light orange color of this alloy. No attack was found on the Monel 
alloy 400 coupon in these first two tests. The tarnish film observed in these studies was 
described as allowing the metallic nature of the coupon to be observed. 

Tests 3, 5, 7 and 9 were conducted in a distilled water environment saturated with 
nitrogen gas (without hydrogen sulfide) at test temperatures of 250, 300, 350 and 400°F. These 
exposures produced only a slight tarnish film as evidenced by a darkening of the natural 
coloration of the coupon while retaining the metallic quality of the coupon. 

Tests 4, 6, 8 and 10 were conducted in a distilled water environment saturated with an 
hydrogen sulfide/nitrogen gas, mixture. Following these exposures, coupons of the three copper- 
containing alloys were corroded producing a dull, gray to dark gray surface film. These films did 
not have the metallic luster of tarnished or as-received specimens. Tests 11 through 15 were 
conducted at lower levels of hydrogen sulfide (25 ppm, 10 ppm and 5 ppm) for periods of 2-6 
hours. Whereas the coupons from these tests varied in coloration and in degree of film 
formation, all exposures produced corroded surfaces on the coupons that were characterized as 
being dull gray to dark gray in color. 

"ollowing the completion of the above-mentioned ^hase I tests, three more tests were 
ited that included additional alloys with the aim/io find materials which would show a 
color transformation at higher hydrogen sulfide concentrations than observed for the nickel- 
copper alloys. Tests 16 through 18 examined the behavior of Nickel alloy 200, alloy B and 
Incoloy alloy 600 at intermediate hydrogen sulfide levels {e.g., 10-25 ppm). The results in Table 
2 indicate that Nickel 200 exhibited a light may corrosion film at 25 ppm hydrogen sulfide but 
not at 10 ppm and 18 ppm. By comparison, alloy B showed a transformation from a tarnish film 
at 10 ppm to a gray corrosion film at/18 ppm that darkened when going to 25 ppm hydrogen 
sulfide. Incoloy 600 had a tarnish fifrn in all three tests and did not exhibit a transformation to a 
corrosion film at up to 25 ppm concentration. 




iased on the results of the tests in Phe^e I depicted in Fig. 17, it appears that all three 
copper-containing alloys (Monel alloy 400, 70/30 cupronickel and 90/10 cupronickel) produced a 
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discernable color change at very low levels of hydpagen sulfide (<5 ppm). Furthermore, it was 
observed that alloy B produced a noticeablp^olor change between 18 and 25 ppm hydrogen 
sulfide. Therefore, the next step in thi^€xploratory study was to try to find a material that would 
indicate the presence of higherle^els of hydrogen sulfide in the range of 25-100 ppm. A search 
for new candidate materials was conducted and a test matrix developed. The list of candidate 
materials developefKhcluded Incoloy alloy 600, three iron-chromium alloys (5Cr, 9Cr and 12Cr) 
and 316 stay*tess steel. Alloy B and Nickel alloy 200 were also included in the program for 
comj^Hgon. 

Results indicate that the iron-chromium alleys and 316 stainless steel do not show a 
distinct transition in the appearance of their corrosion films over the range 25 to 100 ppm 
hydrogen sulfide at either 250' or 300°F. However, the surface films for all of the iron-chromium 
alloys exhibit a color change from gray to dark gray over this broad range of concentration and 
test temperature. The 316 stainless steel also made a change from tarnish film to light gray in 
this range, as well. 


The corrosion films produced on Nickel alloy 200 start to form in the range of 
approximately 25 ppm hydrogen sulfide, but vary in coloration from dark gray to lighter gray 
with concentration up to approximately 100 ppm. Therefore, a consistent and easily discernable 
color change was not produced. 

As observed in Phase I, Incolo^ alloy 600 produced only light tarnish films up to 
approximately 25 ppm hydrogen sulfiae. The Phase II tests showed that the corrosion films 
changed from gray to black over the range of about 25 to 100 ppm, which was particularly 
noticeable by visual examination between about 75 to 100 ppm at 250°F and at 50 ppm at 300°F. 




^j^fhe initial phase of testing in this prograpi revealed that all of the copper-containing 
alloys (Monel alloy 400 and the two cupronickejs) examined were very sensitive to color change 
when exposed to hydrogen sulfide at elevated temperatures. The lowest concentration of 
hydrogen sulfide used for testing (5 ppmVproduced clear signs of a gray to dark gray corrosion 
product on each of these materials. ty( terms of partial pressure, this condition was 0.005 psia 
hydrogen sulfide (5 ppm x 1000 p'si). It was also assessed that this process was not highly 
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dependent on test temperature. Therefore, anyyOf the three copper-containing materials should be 
adequate for identifying service conditions wfth only traces of hydrogen sulfide. 


The Phase I program also identified candidate materials for use in assessing higher levels 
£ hydrogen sulfide in service enrollments. These included alloy B and Incoloy alloy 600. The 
5 ^Phase I tests showed that alloy B produced a corrosion product color change to dark gray 
between about 18-25 ppm/ The partial pressure equivalents for these conditions are 0.018 to 
0.025 psia hydrogen sulfide. 



^ I ^yihe results of the Phase II program, sho\yi in Fig. 18, indicated that Incoloy alloy 600 
^ produced a corrosion product color change between about 50 ppm and 75 ppm depending on the 
10 service temperature in the range of 250-l6o°F. The partial pressure equivalent of these 
^ conditions are 0.050 to 0.1 psia hydrogen sulfide. 


yQ The results of these tests imply that a simple corrosion coupon may provide a semi- 

F quantitative method for assessing the hydrogen sulfide level in service environment. These 

' ^ results also indicate that oil mud of the type supplied for evaluation in this study do not 

15 y3 complicate the results by producing false positive indications for hydrogen sulfide. It should be 


realized that other factors common to field operations might complicate direct application of 
these results. The first and most important factor is temperature. In this study it was also 
observed that changes in temperature might produce lighter or darker film coloration. Secondly, 

Q 

jU time of exposure may also produce similar changes. However, in the limited time study 
20 conducted in this program, no major influence was found. Other factors that could influence the 
application of these results include presence of persistent oil films or inhibitive chemicals in the 
production environment that could act as a barrier to corrosion of the metal surface. 

Figures 19 through 22 depict coupons made of various materials after being exposed to 
differing concentrations of hydrogen sulfide. The visual changes provide a means for detection 
25 of hydrogen sulfide and its concentration. These illustrate the reaction of the coupons at 
increased hydrogen sulfide concentration. Figures 19A depicts three copper containing 
specimens with tarnish films from exposure. The surface darkens while retaining shiny metallic 
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luster. Figure 19 shows examples of gray-black corrosion films on copper containing alloys. 
The metal has dark surface films with no metallic luster. 


^ y Figures 20A-E show the change in corrosion films on Monel with increasing levels of 
hydrogen sulfide in the environment. Figure 2UA shows an exposure to 0 ppm hydrogen sulfide, 
Figure 20B shows an exposure to 5 ppm hv&rogen sulfide, Figure 20C shows an exposure to 10 
ppm hydrogen sulfide, Figure 20D shows an exposure to 25 ppm hydrogen sulfide and Figure 
20E shows an exposure to 50 ppm hWrogen sulfide. The change in coloration from tarnish to 
dark gray appears between 5 and 10 ppm hydrogen sulfide. 

Figures 21 A-E show the change in corrosion films on an Alloy B with increasing levels 
of hydrogen sulfide. Figure 21 A shows an exposure to 10 ppm hydrogen sulfide, Figure 18B 
shows an exposure to 18 ppm hydrogen sulfide, Figure 21C shows an exposure to 25 ppm 
hydrogen sulfide, Figure 21D shows an exposure to 50 ppm hydrogen sulfide and Figure 21E 
shows an exposure to 75 ppm hydrogen sulfide. The change in coloration from tarnish to dark 
gray appears between 18 and 25 ppm hydrogen sulfide. 

Figures 22 A-E show the change in corrosion films on an Alloy 600 with increasing 
levels of hydrogen sulfide. Figure 22A shows an exposure to 10 ppm hydrogen sulfide, Figure 
22B shows an exposure to 25 ppm hydrogen sulfide, Figure 22C shows an exposure to 50 ppm 
hydrogen sulfide, Figure 22D shows an exposure to 75 ppm hydrogen sulfide and Figure 22E 
shows an exposure to 100 ppm hydrogen sulfide. The change in coloration from tarnish to dark 
gray appears between 25 and 50 ppm hydrogen sulfide. The visual change in the coupons is but 
one way to detect a reaction in the coupons. Other materials and configurations may be used at 
various positions about the tool. 

Referring now to Figure 23, hydrogen sulfide detection tape 62 can comprise a polymer 
substrate 92 on which a lead acetate (PbAc) reagent 94 is placed. A top layer polymer 96 serves 
as a membrane and a diffusion barrier for the hydrogen sulfide molecules. The top layer 96 
thickness determines the time that is required for the hydrogen sulfide molecules to diffuse 
through and reach the reagent 94. The thickness of the top layer 96, therefore, determines the 
speed of the reaction and therefore the sensitivity of the tape 62. The governing relation is 
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known as t = x /D, where t is time, x is thickness of the top layer, and D is a diffusion constant. 
The reaction between hydrogen sulfide and the reagent 94 turns the tape from white or clear, 
(depending on the substrate), into gray or brown. The degree of alteration in the appearance of 
the tape, such as a color change, is an indicator of the presence and concentration of the hydrogen 
sulfide present. 

As will be readily apparent to those skilled in the art, the present invention may easily be 
produced in other specific forms without departing from its spirit or essential characteristics. 
The disclosed embodiments are, therefore, to be considered as merely illustrative and not 
restrictive. The scope of the invention is indicated by the claims that follow rather than the 
foregoing description, and all changes which come within the meaning and range of equivalence 
of the claims are therefore intended to be embraced therein. 
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